Associations between partnering and parenting transitions and dietary habits in young adults by Smith, Kylie J. et al.
 DRO  
Deakin Research Online, 
Deakin University’s Research Repository  Deakin University CRICOS Provider Code: 00113B 
Associations between partnering and parenting transitions and dietary 
habits in young adults 
Citation of final article:  
Smith, Kylie J., McNaughton, Sarah A., Gall, Seana L., Otahal, Petr, Dwyer, Terence and 
Venn, Alison J. 2017, Associations between partnering and parenting transitions and dietary 
habits in young adults, Journal of the Academy of Nutrition and Dietetics, vol. 117, no. 8, pp. 
1210-1221. 
 
 
This is the accepted manuscript. 
©2017, Academy of Nutrition and Dietetics 
This peer reviewed accepted manuscript is made available under a Creative Commons 
Attribution Non-Commercial No-Derivatives 4.0 Licence. 
The final version of this article, as published in volume 117 of Journal of the Academy of 
Nutrition and Dietetics, is available online from: https://doi.org/10.1016/j.jand.2016.12.008 
 
 
 
 
  
Downloaded from DRO: 
http://hdl.handle.net/10536/DRO/DU:30091317 
1 
 
Associations between dietary patterns, socio-demographic factors and anthropometric measurements in 
adult New Zealanders: an analysis of data from the 2008/09 New Zealand Adult Nutrition Survey 
 
KL Beck, B Jones, I Ullah, SA McNaughton, SJ Haslett, W Stonehouse 
 
School of Food and Nutrition, College of Health, Massey University Auckland, Private Bag 102904, North 
Shore, Auckland 0745, New Zealand, Phone +64 9 414 0800 ext 43662; Email: k.l.beck@massey.ac.nz (KLB)   
(corresponding author) 
Institute of Natural and Mathematical Sciences, College of Sciences, Massey University Auckland, Private Bag 
102904, North Shore, Auckland 0745, New Zealand (BJ, IU) 
Queensland University of Technology Science and Engineering Faculty, GPO Box 2434, Brisbane, Queensland 
4001, Australia (IU) 
Institute for Physical Activity and Nutrition, School of Exercise and Nutrition Sciences, Deakin University, 221 
Burwood Highway, Burwood, Victoria 3125, Australia (SAM)  
Institute of Fundamental Sciences - Statistics, College of Sciences, Massey University, Private Bag 11222, 
Palmerston North 4442, New Zealand (SJH) 
Statistical Consulting Unit, The Australian National University, Acton, ACT 2601, Australia (SJH)   
Food and Nutrition Business Unit, Commonwealth Scientific Industrial Research Organisation, PO Box 11060, 
Adelaide, South Australia 5001, Australia (WS) 
 
Acknowledgements 
 
Insha Ullah was supported by a PhD scholarship from the Higher Education Commission of Pakistan. Sarah 
McNaughton is supported by an NHMRC Career Development Fellowship Level 2, ID1104636 and was 
previously supported by an ARC Future Fellowship (2011-2015, FT100100581). 
 
The New Zealand Ministry of Health funded the 2008/09 New Zealand Adult Nutrition Survey.  The New 
Zealand Crown is the owner of the copyright for the survey data.  The funder had no role in the design, analysis 
or writing of this article.  The results presented in this paper are the work of the authors.  
 
2 
 
Abstract 
 
Purpose: To investigate associations between dietary patterns, socio-demographic factors and anthropometric 
measurements in adult New Zealanders. 
 
Methods: Dietary patterns were identified using factor analysis in adults 15 years plus (n=4657) using 24-hour 
diet recall data from the 2008/09 New Zealand Adult Nutrition Survey.  Multivariate regression was used to 
investigate associations between dietary patterns and age, gender and ethnicity.  After controlling for 
demographic factors, associations between dietary patterns and food insecurity, deprivation, education, and 
smoking were investigated.  Associations between dietary patterns and body mass index (BMI) and waist 
circumference were examined adjusting for demographic factors, smoking and energy intake.   
 
Results:  Two dietary patterns were identified. ‘Healthy’ was characterised by breakfast cereal, low fat milk, 
soy and rice milk, soup and stock, yoghurt, bananas, apples, other fruit and tea, and low intakes of pies and 
pastries, potato chips, white bread, takeaway foods, soft drinks, beer and wine.  ‘Traditional’ was characterised 
by beef, starchy vegetables, green vegetables, carrots, tomatoes, savoury sauces, regular milk, cream, sugar, tea 
and coffee, and was low in takeaway foods.  The ‘healthy’ pattern was positively associated with age, female 
gender, New Zealand European or other ethnicity, and a secondary school qualification, and inversely associated 
with smoking, food insecurity, area deprivation, BMI and waist circumference.  The ‘traditional’ pattern was 
positively associated with age, male gender, smoking, food insecurity and inversely associated with a secondary 
school qualification. 
 
Conclusions: A ‘Healthy’ dietary pattern was associated with higher socio-economic status and reduced 
adiposity, while the ‘traditional’ pattern was associated with lower socio-economic status.   
 
Keywords: dietary patterns; factor analysis; obesity; socio-economic status 
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Introduction  
 
Approximately 40% of deaths in New Zealand can be attributed to nutrition-related risk factors such as low fruit 
and vegetable intake and high body mass index (BMI) [1].  The majority of New Zealand research has focussed 
on individual food and nutrient intake rather than overall dietary patterns when exploring associations between 
dietary intake and nutrition-related health outcomes.  This has a number of constraints [2, 3].  People do not eat 
foods or nutrients in isolation, but usually consume combinations of foods and nutrients as meals or snacks to 
form overall dietary patterns [2, 3].  Individual foods and nutrients may interact and it is often unclear whether 
observed associations are due to the independent effects of a food or nutrient, or the overall dietary pattern [4].   
 
Dietary pattern analysis offers an alternative approach to examining causes of nutrition-related health outcomes 
and considers the whole diet and how foods are eaten in combination [2, 3].  Dietary patterns offer additional 
insight into a population’s eating habits and can be derived statistically (using factor, cluster or reduced rank 
regression analysis), or theoretically (using predefined dietary indices based on dietary guidelines or a particular 
dietary pattern) [2, 3].   
 
New Zealand has the third highest levels of obesity among Organisation for Economic Co-operation and 
Development (OECD) countries.  Rates of obesity are increasing, and nearly two-thirds of New Zealanders are 
now overweight or obese [5] .  Significant health disparities exist in New Zealand related to ethnicity and 
deprivation [6].  Māori, the indigenous people of New Zealand (14.9% of the population) and Pacific Island 
people (7.4% of the population) [7] have disproportionally high levels of obesity and overweight compared with 
other population groups [5].  For those living in the most deprived (poorest) areas of New Zealand, levels of 
extreme obesity (BMI≥40 kg/m2) are approximately four times higher compared with those living in the least 
deprived areas after accounting for age, gender and ethnicity [5].  Food insecurity is a serious concern in New 
Zealand, particularly among young adults, women, Māori and Pacific people [8].  Research in the United States 
of America (USA) has found food insecurity to be associated with overweight and obesity [9, 10].   
 
The causes of obesity are multi-factorial and complex, and are unlikely to be related to a single nutrient or food.  
It has been suggested that overall dietary patterns rather than a single food or nutrient should be examined when 
investigating associations between dietary intake and chronic conditions [11].  In Europe and the USA, studies 
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investigating associations between dietary patterns and obesity have shown mixed results [3, 12].  However, 
dietary patterns have been found to be associated with socio-demographic factors such as age, income and 
education [3].  An understanding of dietary patterns in New Zealand and their associations with socio-
demographic and anthropometric measurements may assist with the planning and implementation of nutrition 
policies and programmes to reduce nutrition-related health issues such as obesity.  To date no studies have 
investigated the dietary patterns of a nationally representative sample of New Zealand adults. 
 
This study aimed to determine dietary patterns in a nationally representative sample of adult New Zealanders 
and investigate associations between dietary patterns, socio-demographic factors (age, gender, ethnicity, food 
insecurity, area deprivation, education, smoking) and anthropometric measurements (BMI, waist 
circumference). 
 
Methods  
 
Participants and study procedure 
The 2008-2009 New Zealand Adult Nutrition Survey (NZANS) was undertaken by the University of Otago.  It 
included a nationally representative sample of individuals aged 15 years and above living within New Zealand 
in permanent private dwellings. A multi-stage, stratified, probability-proportional-to-size sample design was 
used. Māori and Pacific people and some age groups were over-sampled with a three-step selection process 
using mesh-blocks, dwellings from within each mesh-block and respondents within dwellings [13].  Survey 
weights were calculated for each survey participant to ensure no group was over or under-represented.  One 
hundred sets of replicate weights, provided for each respondent, were used to estimate the survey’s accuracy.  
Data was collected between October 2008 and October 2009, across all days of the week.  All procedures 
involving human participants were approved by the Multi-Region Ethics Committee (MEC/08/04/049).  The 
study was performed in accordance with the ethical standards laid down in the Declaration of Helsinki and all 
participants provided written informed consent.  During a 90 minute interview, information was collected 
regarding socio-demographic factors, anthropometric measurements and dietary intake. The methods are 
described elsewhere in detail [13]. 
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Socio-demographic data 
Socio-demographic data was collected using interviewer administered questionnaires.  Questions were asked 
regarding gender, age, level of education and smoking. Participants were able to report affiliation with up to 
nine different ethnic groups.  Priority ethnic grouping (i.e. the ethnic group the participant listed first) was used 
in this analysis with participants categorised as Māori, Pacific Island, or New Zealand European (NZ European) 
and other (mainly Asian, Middle-Eastern, Latin American and African ethnicities). Household food security 
(whether participants considered their household had compromised food intake due to financial reasons) was 
determined using indicator statements developed for use in the New Zealand population [8].  Participants were 
categorised as food insecure, moderate food insecurity or not insecure.  The New Zealand Index of Deprivation 
2006 (NZDep2006) which incorporates measures such as income, transport, home ownership and employment 
for each neighbourhood (mesh-block) from the 2006 census was used to measure socio-economic deprivation 
[14] .  Scoring on this index ranges from one to 10, with a higher score indicating higher area deprivation [13, 
14].  
 
Anthropometric measurements 
Anthropometric measurements were taken in duplicate using standardised protocols. A third measurement was 
taken if measurements varied by greater than 1%. Height was measured to the nearest .01cm using a portable 
stadiometer (Seca 214), weight to the nearest 0.1kg using electronic scales (Tanita HD-351), and waist 
circumference to the nearest 0.1cm using a W606PM anthropometric measuring tape.  BMI was calculated using 
weight/height2 [13].  
 
Dietary intake 
A computer-based, interviewer-administered 24-hour recall was used to collect dietary data using the LINZ24© 
of the Abbey Research Software package (LINZ® Health and Activity Research Unit, University of Otago, 
Dunedin, New Zealand).  Details on all foods and beverages consumed during the previous day were collected 
using a multiple-four pass method. This included a ‘quick list’ of all foods, followed by detailed descriptions for 
all food items consumed (e.g. cooking methods, recipes for mixed dishes). Estimates on quantities consumed 
were made using food photographs, shape dimensions, food portion assessment aids, and packaging 
information. All items were reviewed with the participant and additions and alterations made where necessary 
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[13].  All foods and beverages from the 24-hour recall were matched to the New Zealand Food Composition 
Database for determination of energy and nutrient intakes. 
 
Statistical analysis   
Food items were categorised into 54 food groupings (Table 1), based on food groupings in previous studies 
investigating dietary patterns [15, 16], and form of the food (e.g. beverage powders were grouped separately to 
drinks already made up).  Foods provided as recipes in the NZANS database were assigned to the food grouping 
of the main ingredient (e.g. macaroni cheese was allocated to ‘pasta and grains’).  For hot drinks with added 
sugar, the recipe was disaggregated with sugar included in the ‘sugar and preserves’ food grouping and the 
remaining ingredients to the type of drink (e.g. ‘tea’). Dietary supplements were excluded from these food 
groupings. 
 
Factor (principal component) analysis is a data reduction technique used to create dietary patterns, which is 
based on correlations between the consumption of different food groupings [3].  Principal components analysis 
was performed on the survey weighted correlation matrix.  The 54 food groupings were entered into a principal 
components analysis; the component scores were standardized and the orthogonal varimax rotation used to 
facilitate interpretability of factors.  The Kaiser-Meyer-Olkin measure of sampling adequacy was 0.51 (>0.5 
acceptable) and Bartlett’s Test P value was <0.001 (<0.001 acceptable) indicating associations between 
variables in the factor analysis.   
 
Factor solutions ranging from two to five were run in order to decide which factors to retain.  Dietary patterns 
were determined by examining both the factors themselves and the scree plot.  Naming of dietary patterns was 
based on food groupings with high positive factor loadings (correlations) for each dietary pattern.  The scores 
were standardized, so it is expected half of the population will have negative scores for each dietary pattern.  
Only food groupings associated with an absolute factor loading of ≥0.2 were considered in the interpretation of 
the patterns.  The scores on the first two principal components were rotated to obtain the scores for each 
participant on the identified dietary patterns.  
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Survey weighted multiple regression [17, 18]  using the replicate weights to determine standard errors, was used 
to determine associations between dietary patterns, socio-demographic factors, and anthropometric 
measurements.  
 
Firstly, we examined associations between demographic factors (age group 15-18y, 19-30y, 31-50y, 51y plus; 
gender and ethnicity) and dietary patterns.  The full model (all interactions) was initially considered, and the 
term with the largest P value removed until all predictors were significant (P<0.05, based on the Wald test [19]).  
If the main effects were associated with significant interactions they were always retained.  Remaining 
predictors and interactions were then further checked with the likelihood ratio test, and removed if not 
statistically significant (P>0.05). Reported P values are those from the Wald test [19].  
 
Secondly, we examined associations between food insecurity, area deprivation, education (secondary school 
qualification or not), and smoking (non-smoker, previous smoker, current smoker) and the dietary patterns using 
separate models, controlling for the demographic variables (age, gender, ethnicity).  The education model was 
examined only in individuals 19 years and older. Starting with the final demographic model from part one for 
each score, we tested for additional effects of the variable of interest (food insecurity, area deprivation, 
education, or smoking).  Initially the model with all interactions between the variable of interest and the 
demographic variables was considered, to ensure the effect of these variables would be noted even if present 
only in a particular demographic group.  These interactions were then removed if insignificant (P>0.05), using 
the procedure described in part one.  
 
Finally, associations between dietary pattern scores and anthropometric measurements (BMI and waist 
circumference) were examined.  All models were analysed adjusting for age, gender, ethnicity, smoking and 
energy intake.  Interactions between dietary pattern scores and the demographic variables were examined to see 
if they improved the models, initially considering the model with all interactions between the score and 
demographic variables, and then removing terms that were not significant as described in part one.  
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Results  
 
Participants  
A total of 4721 participants took part in the NZANS.  Participants who were pregnant were excluded from the 
data analysis, leaving a total of 4657 participants.  Participant characteristics are shown in Table 2.  Participants 
were aggregated in the 51-70 and 71+ age categories, because of low numbers of Māori and Pacific people in 
the 71+ category [14].  Additional analyses (not shown) indicated that whether these categories are separate or 
merged, similar conclusions were reached regarding associations with age.   
  
Dietary patterns  
Two dietary patterns were identified explaining 12.0% of the variance in food intake (see Table 3). Dietary 
pattern one was labelled  ‘healthy’ and was characterised by high intakes of breakfast cereal, low fat milk, soy 
and rice milk, soup and stock, yoghurt, bananas, apples, other fruit and tea, and low intakes of pies and pastries, 
potato chips, white bread, takeaway foods, soft drinks, beer and wine. Dietary pattern two was labelled 
‘traditional’ and characterised by high intakes of beef, starchy vegetables, green vegetables, carrots, tomatoes, 
savoury sauces, regular milk, cream, sugar, tea and coffee, and low intakes of takeaway foods.   
 
Dietary patterns and age, gender and ethnicity  
The ‘healthy’ dietary pattern was positively associated with age, female gender and ethnicity (with NZ 
European and other scoring more highly on this dietary pattern).  The difference between male and female 
scores on the ‘healthy’ dietary pattern was smaller for the NZ European and other ethnicity, than for Māori and 
Pacific ethnicities (Table 4).  The ‘traditional’ dietary pattern was positively associated with age and male 
gender, but not ethnicity (Table 5).   
 
Dietary patterns and socio-demographic factors  
The ‘healthy’ dietary pattern was positively associated with being a non-smoker and was inversely associated 
with food insecurity and area deprivation, after adjusting for age, gender and ethnicity.  For those aged 19 and 
older, having achieved a secondary qualification was associated with an increase in the ‘healthy’ dietary pattern 
score, but the effect was strongly attenuated with increasing age (interaction P<0.001).  The ‘traditional’ dietary 
pattern was positively associated with smoking, area deprivation and food insecurity (with the moderate 
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insecurity category very similar to the no insecurity category).  The ‘traditional’ dietary pattern was inversely 
associated with having a secondary school qualification (Table 6). 
 
Dietary patterns and anthropometric measurements  
The ‘healthy’ dietary pattern was inversely associated with BMI (P=0.001; more strongly for females than 
males, interaction P=0.042) after controlling for age, gender, ethnicity, energy intake and smoking.  The same 
pattern was observed for waist circumference (P=0.012, interaction P=0.029) (see Table 7).  Associations 
between BMI and waist circumference and scores on the ‘traditional’ dietary pattern varied across demographic 
groups defined by age and gender (BMI interaction, P=0.032; waist interaction, P=0.025), with the strongest 
associations being among females 19-30 years, where both waist circumference and BMI were positively 
associated with the score on the ‘traditional’ dietary pattern.  
 
Discussion  
 
This study is the first to investigate dietary patterns using a sample representative of the New Zealand adult 
population.  Two dietary patterns (‘healthy’ and ‘traditional’) were identified.  The ‘healthy’ dietary pattern was 
characterised by breakfast cereal, low fat milk, soy and rice milk, soup and stock, yoghurt, bananas, apples, 
other fruit and tea; and low intakes of pies and pastries, potato chips, white bread, takeaway foods, soft drinks, 
beer and wine.  The ‘traditional’ dietary pattern was characterised by beef, starchy vegetables, green vegetables, 
carrots, tomatoes, savoury sauces, regular milk, cream, sugar, tea and coffee; and low intakes of takeaway foods.  
The ‘healthy’ pattern was positively associated with age, female gender, New Zealand European or other 
ethnicity, and having a secondary school qualification, and inversely associated with smoking, food insecurity, 
area deprivation, BMI and waist circumference.  The ‘traditional’ pattern was positively associated with age, 
male gender, smoking, food insecurity and inversely associated with having a secondary school qualification.  
 
Many studies overseas have observed a ‘healthy/Prudent’ and a ‘less healthy/Western’ dietary pattern in their 
populations [3, 11].  Additional dietary patterns have been observed in studies representing different population 
groups, often reflecting the ethnic make-up of these populations [11].  Similar to our findings, recent studies 
from Denmark and Sweden in nationally representative populations have observed ‘healthy/health conscious’ 
and ‘traditional’ dietary patterns [20, 21].  As far as we are aware only three studies have investigated dietary 
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patterns in adult New Zealanders [22, 23].  Most recently, four dietary patterns were identified in 5664 pregnant 
women living in the Auckland and Waikato regions of New Zealand.  These dietary patterns were: ‘Junk’ 
(confectionary, snacks, takeaways, hot chips, processed meats, soft and energy drinks, battered fried fish or 
seafood, ice-cream, cakes or biscuits),‘health conscious’ (vegetables, cheese, brown wholemeal bread, non-
citrus fruits, yoghurt, dried fruits, high fibre cereal, VegemiteTM or MarmiteTM), ‘Traditional/white bread’ 
(whole or standard milk, white bread, margarine, jam honey marmalade, peanut butter, NutellaTM, low fiber 
and/or high sugar cereals) and ‘fusion/protein’ (noodles rice pasta, seafood, chicken, green leafy vegetables, 
eggs, red meat) [24].  ‘Traditional’, ‘junk’ and ‘fusion’ dietary patterns were observed in 1714 pregnant women 
living in Auckland [22] and ‘refined carbohydrate and fat’, ‘Asian’, ‘healthy snacks’, ‘meat and vegetables’, 
‘high tea and coffee’, ‘bread and crackers’, and ‘milk and yoghurt’ dietary patterns were observed in a volunteer 
sample of 375 young women living in Auckland [23].  It is expected that there would be some differences in the 
dietary patterns observed as the results obtained from factor analysis tend to be population specific and may be 
difficult to reproduce in other populations [25].  Studies also use different methods of dietary data collection 
(e.g. food frequency questionnaires versus 24-hour recalls).   
 
Dietary patterns and socio-demographic factors  
In this study, the ‘healthy’ dietary pattern was positively associated with age, being female and being of NZ 
European or other (mainly Asian, Middle-Eastern, Latin American and African) ethnicity.  The ‘traditional’ 
dietary pattern was also positively associated with age, and being of male gender, but not ethnicity.  A review 
paper by Newby and Tucker [3] found women were more likely than men to follow a healthier eating pattern, 
while age was both positively and negatively associated with ‘healthy’ dietary patterns [3].  In Australia, key 
differences emerged in the dietary patterns followed by men and women.  Dietary patterns among women 
included ‘pasta, rice and other mixed dishes’, ‘ethnic vegetables’, fruit and vegetable juice’, ‘fish and seafoods’, 
‘chocolate and confectionary’ and low energy drinks’.  In men, dietary patterns included ‘protein foods’ and 
‘wholemeal breads’ [26].  Another Australian study found women aged 50-55 years scored higher on ‘cooked 
vegetables’, ‘fruit’, ‘Mediterranean-style’, ‘reduced fat dairy’, and ‘high-fat and sugar’ dietary patterns, and 
lower on ‘processed meat,  meat and takeaway’ dietary patterns compared with younger women (25-30 years) 
[27].  In pregnant women living in New Zealand, ‘junk’ and ‘traditional/white bread’ dietary patterns were 
associated with being younger, while ‘health conscious’ and ‘fusion/protein’ dietary patterns were associated 
with increasing age [24].  In Denmark, a ‘health-conscious’ dietary pattern (coarse bread, fruit, vegetables, low-
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fat dairy, nuts, water and tea) was associated with being female and increasing age [20], while a ‘traditional’ 
dietary pattern (rye bread, white bread, fat on bread, cheese, jam, cold meat, minced meat, potatoes and gravy, 
cake and biscuits) was positively associated with being male and increasing age.  A ‘fast food’ dietary pattern 
(pizza, hamburger/spring rolls, crisps, rice and pasta, sugar sweetened soft drinks, sweets) was inversely 
associated with age [20].  Participants in our study who scored low on the ‘healthy’ dietary pattern had a higher 
intake of ‘fast food’ and were more likely to be younger.  Similar to our study, in Sweden both a ‘healthy’ 
dietary pattern (vegetables, fruit, fish and seafood, vegetable oils) and a ‘Swedish traditional’ dietary pattern 
(potatoes, meat and processed meat, full-fat milk products, sweet bakery products, sweet condiments and 
margarine) were positively associated with age.   
 
Ethnicity was associated with the ‘healthy’ but not the ‘traditional’ dietary pattern, with NZ European and other 
ethnicities, more likely to score highly on the ‘healthy’ dietary pattern.  In this study, those scoring poorly on the 
‘healthy’ dietary pattern were more likely to consume pies and pastries, potato chips, white bread, takeaway 
foods, soft drinks, beer and wine.  These findings are reflected in reports from the NZANS  indicating that both 
Māori and Pacific people were more likely to eat fast food and drink soft drinks or energy drinks three or more 
times per week compared with non-Māori and non-Pacific people [28, 29].  In pregnant New Zealand women, 
those  following ‘junk’ and ‘traditional/white bread’ dietary patterns were more likely to be of Māori or Pacific 
ethnicity, while those following a ‘fusion/protein’ dietary pattern were more likely to be non-European ethnicity 
(mainly Asian) [24].  Studies overseas have also investigated dietary patterns in Pacific people.  A study of 
adults living in America Samoa and Samoa identified ‘neo-traditional’ (high intake of local foods such as 
crab/lobster, coconut products and taro; and low intake of processed foods including potato chips and soda); and 
‘modern’ dietary patterns (high intake of processed foods such as rice, potato chips, cake and pancakes; and low 
intake of local foods) [30].  In Hawaii, native Hawaiian women were more likely than Caucasian, Chinese and 
Japanese women to follow a ‘meat’ dietary pattern (red and processed meat, fish, poultry, eggs, fats and oils and 
condiments) [31].  In Los Angeles and Hawaii, women and men of Hawaiian ethnicity were more likely to 
follow a ‘fat and meat’ and a ‘vegetable’ dietary pattern, and less likely to follow a ‘fruit and milk’ dietary 
pattern than a white population [32].  Further research is needed to understand the effects of dietary patterns in 
sub-populations including different ethnic groups [11].  Differences in dietary patterns are likely to occur within 
each ethnicity or ethnic grouping.  For example, in this study the Pacific Island group included people from 
many different countries who have lived in New Zealand for varying amounts of time, therefore potentially 
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impacting on dietary patterns while the NZ European and other grouping does not identify for example, between 
Asian and European ethnicities, for which there are likely to be differences in dietary intake [23, 24].   
 
After controlling for the effects of age, gender and ethnicity, the ‘healthy’ dietary pattern was positively 
associated with having a secondary school qualification and inversely associated with food insecurity and area 
deprivation, and smoking.  The ‘traditional’ dietary pattern was positively associated with food insecurity and 
smoking, and inversely associated with having a secondary school qualification.  Similarly, Newby and Tucker 
in a review found ‘healthy’ dietary patterns were positively associated with income and education, and had less 
smokers [3].  For pregnant women living in New Zealand, lower educational levels and smoking were 
associated with following ‘junk’ and ‘traditional/white bread’ dietary patterns, while not smoking was 
associated with following ‘health conscious’ and ‘fusion/protein’ dietary patterns [24].  Studies in large 
Australian populations have observed associations between dietary patterns, gender and socioeconomic status 
[26]; and in females, less healthy dietary patterns (‘processed meat’, ‘meat and takeaways’) were associated 
with lower educational levels and smoking [27].  In Denmark, a ‘health-conscious’ dietary pattern was 
associated with education level and inversely associated with smoking, while a ‘junk-food’ dietary pattern was 
inversely associated with smoking [20].  In Sweden, a ‘healthy’ dietary pattern was positively associated with 
education and income in women.  Men and women who scored high on the ‘healthy’ dietary pattern were less 
likely to smoke [21].  A ‘Swedish traditional’ dietary pattern was associated with lower education in both males 
and females.  A ‘light-meal’ dietary pattern (observed only in women; and consisting of fibre-rich bread, cheese, 
rice, pasta and food grain dishes, substitute products for meat and dairy products, candies and tea) was 
associated with not smoking and having a higher education [21].   
 
Dietary patterns and anthropometric measurements 
After controlling for age, gender, ethnicity, energy intake and smoking the ‘healthy’ dietary pattern was found to 
be inversely associated with BMI and waist circumference (more strongly for females than males).  The 
‘traditional’ dietary pattern had different effects across different age and gender groupings.  It was positively 
associated with waist circumference and BMI in women aged 19-30 years.  However, the ‘traditional’ dietary 
pattern was not significantly associated with BMI and waist circumference in other population groups. Studies 
investigating associations between dietary patterns and anthropometric measurements have reported inconsistent 
findings [3, 12].  In New Zealand, ‘health conscious’ and ‘fusion/protein’ dietary patterns were associated with 
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lower pre-pregnancy BMI [24].  In Australia, overweight and obese women scored higher on the dietary patterns 
‘cooked vegetables’ ‘processed meat’, ‘meat and takeaway’ and ‘reduced fat dairy’ and scored lower on 
‘Mediterranean-style’ and ‘high-fat and sugar’ dietary patterns compared with women of a healthy weight [27].  
In Sweden, a ‘light meal’ dietary pattern was associated with a lower BMI [21], while in Denmark men scoring 
lower on a ‘health conscious’ dietary pattern had a higher BMI.  In Denmark, there was also a trend towards a 
lower score on the ‘traditional’ dietary pattern in overweight and obese men compared with normal weight men 
[20].   
 
Study strengths and limitations  
The main strength of this study was its large sample size, and oversampling for people of Māori and Pacific 
Island ethnicity. The analysis makes full use of the design weights and replicate weights to provide a robust 
picture that is nationally representative.  The response rate was 61% [13] which is within the range reported by 
other national nutrition surveys [33-35].  It is unknown whether respondents and non-respondents differed and 
hence whether systematic bias was introduced.   
 
In addition both BMI and waist circumference were used to determine the anthropometric measurements of this 
population. There are limitations in the use of BMI, as BMI does not take into account muscle mass [36].  Waist 
circumference has however been shown to be a better predictor of visceral obesity compared to other 
anthropometric measures [37].  However, its relationship with visceral obesity may be influenced by various 
factors including gender, age and ethnicity [38, 39]. Being aware of this limitation careful due diligence was 
taken to appropriately investigate these factors for interaction effects and to control for these factors in the 
statistical analysis. 
 
Studies examining dietary patterns have used a range of dietary assessment methods including food frequency 
questionnaires  [24, 26, 27], food records [20, 21] and 24-hour recalls [40, 41].  The 24-hour recall is 
appropriate for use in an ethnically diverse population as it captures data regarding culturally-specific foods that 
a food frequency questionnaire might miss.  It is more appropriate for use in large groups than in individuals 
because one day is seldom representative of an individual’s usual intake.  This is still a limitation, as one day is 
unlikely to reflect usual dietary consumption patterns [11].  However, uncorrelated measurement error affects 
mainly the variability of principal component scores rather than introducing bias [42].  Other limitations include 
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a reliance on memory, and over and under-reporting [43, 44].  Using data from this same survey (2008/09 
NZANS), Gemming et al found 21% of men and 25% of women were low energy reporters [45].  Furthermore, 
Gemming et al [45] observed a greater prevalence of low energy reporters among older age groups, people 
classified as overweight and obese, Pacific men and Pacific and Māori women.  A study in the United States 
found similar dietary patterns between plausible and all reporters [46], while a study in Brazil found under-
reporting of energy intake to be more prevalent in women in a healthy dietary pattern cluster [47]. Low energy 
reporters were not excluded from the data analysis due to disagreement in the literature on how to treat low 
energy reporters [48].  However we did control for reported energy intake when exploring associations between 
dietary patterns and anthropometric measurements.   
 
There are a number of approaches to assess dietary patterns in populations including factor analysis, cluster 
analysis and reduced rank regression [3, 11].  None is more superior and all have their advantages and 
limitations [3, 11].  While we used methodological approaches which are standard in the literature, a number of 
subjective decisions need to be made by the researcher in any factor analysis that is undertaken.  These include 
decisions around the grouping of foods, the number of factors (or dietary patterns) to retain, and interpretation 
and naming of the factors (dietary patterns) [3].  These decisions can affect the final dietary patterns identified 
and therefore the interpretation of results.   
 
Dietary patterns only explained 12.0% of the variance of dietary intake in this study, however this is not unlike 
that observed in other studies [3, 21].  Other dietary factors not captured by the dietary patterns, as well as non-
dietary factors (e.g. physical activity) may also be associated with anthropometric measurements.  It is possible 
that the dietary intake of New Zealand adults has changed in the eight years since this study was undertaken and 
this should be considered when applying the results to current nutritional interventions.  A study investigating 
changes in dietary intake (using New Zealand adult nutrition survey data) found an increase in the consumption 
of rice and rice dishes and a decrease in the consumption of bread, potatoes, beef, vegetables, breakfast cereal, 
milk, cheese, butter, pies, biscuits, cakes and puddings, and sugar/confectionery among males and females 
between 1997 and 2008/09.  Among females there was a reported increase in snacks and snack bars (eg. crisps, 
extruded snacks, muesli bars) and pasta and pasta dishes [49].  However, the 2008/09 New Zealand Adult 
Nutrition Survey data is the most recent available regarding the dietary intakes of adult New Zealanders at the 
population level.  Finally, the cross-sectional design of this study means that causality cannot be inferred. 
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Conclusion 
 
This research offers a novel approach and new insights that may not be captured by the traditional approach of 
assessing individual foods and nutrients.  It is the first study to investigate the dietary patterns of a large 
representative sample of New Zealand adults.  A ‘healthy’ dietary pattern was positively associated with age, 
female gender, New Zealand European or other ethnicity, and having a secondary school qualification, and 
inversely associated with smoking, food insecurity, area deprivation, BMI and waist circumference.  A 
‘traditional’ pattern was positively associated with age, male gender, smoking, food insecurity and inversely 
associated with having a secondary school qualification.  An understanding of these dietary patterns may be 
helpful in improving the nutrition related health of vulnerable groups in New Zealand.  Observed patterns 
represent accessible and culturally familiar foods for New Zealanders.  It may be easier to shift people along the 
scales of these dietary patterns than to other less familiar diets.  Associations between dietary patterns, socio-
demographic characteristics and anthropometric measurements should be considered in nutrition programs and 
policy.  Targeted nutrition interventions using a dietary pattern approach are recommended to improve the diet 
quality of population groups less likely to follow a ‘healthy’ dietary pattern.  Further research should explore 
dietary patterns within sub-groups of the population (e.g.  in adolescents, Asian populations).  Additional 
research is needed to assess associations between dietary patterns and other nutrition related risk factors (e.g. 
blood pressure, cholesterol levels) and nutrient intakes in this group.   
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Table 1. Food groupings used in the dietary pattern analysis 
Food grouping Food items 
Rice White rice, brown rice, rice dishes (fried rice, risotto, pilaff, rice salad, sushi), 
rice cereals, other rice products 
Pasta and grains Plain and filled pasta, pasta dishes (lasagne), noodles, other grains and cereals 
(couscous, semolina, tapioca, quinoa, cracked wheat, bulgur) 
White bread and 
sandwiches 
All white breads, bagels, English muffins and crumpets, muffins (savoury, low 
fat and bran), scones, pancakes, fruit bread, iced buns, bread based stuffing, 
steamed buns 
Wholegrain breads and 
sandwiches 
Whole grain, mixed grain, rye, wholemeal and wheat meal breads 
Breakfast cereals  All breakfast cereals excluding porridge and cooked cereals 
Porridge and cooked 
cereals 
Porridge, cooked cereals, raw oats 
Crackers Single and multigrain, high and low fat varieties, rice crackers, wafers 
Regular milk (2.5-4.0% 
fat) 
Whole milks 
Lower fat milks (≤2% fat) Trim, semi-trim milks 
Yoghurt All varieties including regular and low fat, frozen, soy and fromage frais 
Milkshakes and flavoured 
milks 
Milkshakes, smoothies made with milk or yoghurt, flavoured milk 
Soy and rice milk  Regular and low fat varieties 
Cheese Regular and low fat varieties 
Butter and other saturated 
fats 
Butter, butter/margarine blends, beef dripping, lard, chefade, palm oil, suet, 
coconut cream 
Cream Cream, sour cream, dairy based dips including regular and low fat varieties 
Polyunsaturated 
margarine and oils 
All varieties including regular and low fat (sunflower oil, soybean oil, safflower 
oil, salad/cooking oil) 
Monounsaturated 
margarine and oils 
All varieties including regular and low fat (canola oil, peanut oil, olive oil) 
Beef, veal, hogget, lamb, 
mutton, pork, game 
meats, offal meats 
All varieties including mixed dishes (casseroles, stews, stir-fries, boil up, 
curries) 
All offal meats including tongue, black pudding, liver, pate 
Poultry All varieties (chicken, duck, turkey) including mixed dishes (casseroles, stews, 
stir-fries, boil up, curries), processed chicken (e.g. nuggets) 
Fish and shellfish  
 
All varieties including fresh, canned, mixed dishes and processed fish products 
(e.g. fish fingers, fish cakes), mussels, oysters, paua, scallops, shrimp/prawn, 
squid, octopus, surimi, tuatua, crab, crayfish; all deep-fried battered fish and 
shellfish  
Legumes, pulses and meat 
substitutes  
Beans (red, black, borlotti, broad, butter, chinese, french, mixed, kidney, mung, 
soy, refried), chickpeas, hummus, falafels, dahl (all varieties), lentils (brown, 
red), peas (split, blue), lentil/bean curries, bean salads, chilli con carne, baked 
beans, tofu 
Nuts and seeds All varieties including peanuts, coconut, other nuts, mixed nuts, nut butters and 
spreads, nut based dips, pestos, seeds, seed products 
Eggs and egg dishes All varieties including poached, boiled, fried, scrambled, omelettes, frittata, 
quiche 
Sausage and processed 
meats 
All varieties including mixed dishes, chicken and vegetarian sausages, 
luncheon, frankfurters, saveloys, cheerios, salami, bacon, ham 
Pies and pastries Pies, pasties, sausage rolls, pastry bottomed quiches 
Tomatoes and tomato 
products  
All varieties including raw, cooked, canned, sundried; tomato paste, tomato 
puree, dips/salsas 
Carrots All varieties 
Green vegetables and 
brassicas 
Leafy green vegetables (lettuce, spinach, silver beet, bok choy, puha, rocket, 
taro leaves, watercress, basil, coriander), brassicas (broccoflower, broccoli, 
brussel sprouts, cabbage, cauliflower, turnip), kale, kimchi, sauerkraut, mustard 
and cress, swede, green beans, peas 
Starchy vegetables Potatoes, kumara, pumpkin, squash, butternut, yams, corn 
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All other vegetables Artichoke, asparagus, beetroot, capsicum, cassava, celery, chilli, choko, chives, 
courgette, cucumber, eggplant, fennel, fungus, garlic, gherkin, ginger, leeks, 
marrow, mushroom, onions, parsley, parsnip, peppers, radish, sea cucumber, 
seaweed, shallots, sprouts, sprouted wheat, vegetable mixes, vegetable based 
dishes (stir fries, curries, stews, casseroles, stuffed vegetables, fritters, palusami, 
ratatouille, samosas, kebabs, salads) 
Apples  All varieties 
Bananas All varieties 
Citrus fruit Oranges, grapefruit, lemon, mandarin, tangelo, tangerine 
All other fruits Pear, nashi, quince, berry fruits, stone fruits, tropical fruits, avocado, figs, 
feijoas, grapes, kiwifruit, olives, persimmon, rhubarb, dried fruits, fruit leather, 
fruit salad 
Tea  All varieties including black, herbal, green, fruit, iced, lemon teas, tea made 
from bovril, caffeinated/decaffeinated 
Coffee All varieties including caffeinated and decaffeinated, specialty coffees, iced 
coffees 
Hot drinks  Milo, hot chocolate, cocoa, cereal beverages 
Fruit and vegetable juices Apple, orange, grapefruit, grape, lemon, lime juices, non-apple cider, vegetable 
juices 
Soft drinks and cordial Soft drinks, cordials, fruit drinks, sports drinks, energy drinks, drink 
concentrates, non-alcoholic punch; includes diet varieties 
Beer, cider, bitters, wine All varieties including red, white, mulled, rose, flavoured wine (elderflower, 
fruit, ginger), port, sherry 
Spirits, liquers Bourbon, whiskey, brandy, gin, rum, tequila, vodka, clear and cream based 
liqueurs  
Other alcohol Alcoholic sodas, ready to drink cocktails, kava 
Biscuits All varieties, plain and sweetened 
Cakes, slices and sweet 
pastries 
Plain, fruit and sweet cakes, sponges, slices, sweet muffins, doughnuts, cake 
bars, pastries, sweet dumplings, crepes, cream puffs, chocolate croissants, tart, 
deep fried and sweet pancakes 
Puddings and desserts All varieties including milk puddings, dairy food, ice cream, cheesecakes, fruit 
crumbles, sweet pies, pavlova 
Sugars and preserves Sugar (all varieties), sweetened drink powders, sweet syrups, sweet sauces, 
toppings, spreads and icing, lollies, chocolate, ice blocks, sweets 
Takeaway foods Hamburgers, American hotdogs, burritos, hot wraps, donor kebabs, enchiladas, 
quesadillas, nachos, tacos, pizza, Chinese snacks (e.g. spring rolls) 
Potato chips and crisps Potato chips, wedges, croquette, hash browns, crisps, fried potatoes 
Snack foods  Corn snacks including corn chips, popcorn, extruded snacks, mixes (e.g. oriental 
mix), vegetable/rice crisps 
Snack bars All varieties including wholemeal fruit bars, muesli bars, mixed grain bars, 
cereal bars, nut and seed bars 
Soup and stocks All varieties 
Savoury sauces and 
condiments  
Gravies, savoury sauces, pasta sauces, tomato sauce, steak sauces, fruit sauces, 
roux sauces (white/cheese sauce), pickles, chutneys, yeast and vegetable 
extracts, mayonnaise and cream style dressings, French style dressings (full and 
reduced fat), condiments include salt and other flavourings 
Meal replacement drinks, 
bars and powders 
Meal replacement drinks and powders, protein drinks and powders, protein bars 
Miscellaneous Flours, coatings (batter), bran, dry unsweetened beverage powders (including 
milk powder, coffee powder), other spreads  
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Table 2. Participant characteristics 
Characteristics Categories n (%) 
Gender Male  
Female 
2066 (44) 
2591 (56) 
Age groups (years) 15-18y 
19-30y  
31-50y 
51-70y  
71y plus 
696 (15) 
688 (15) 
1313 (28) 
895 (19) 
1065 (23) 
Prioritised ethnic grouping Māori 
Pacific 
NZ European and other 
1015 (22) 
683 (15) 
2959 (64) 
Food security Food insecure 
Moderate food insecurity 
Not insecure 
475 (10) 
1659 (36) 
2437 (53) 
Neighbourhood deprivation 
decile  
Decile 1 (least deprived) 
Decile 2  
Decile 3 
Decile 4  
Decile 5  
Decile 6 
Decile 7 
Decile 8 
Decile 9 
Decile 10 (most deprived) 
296 (6) 
366 (8) 
416 (9) 
407 (9) 
329 (7) 
426 (9) 
511 (11) 
541 (12) 
563 (12) 
802 (17) 
Smoking Non-smoker 
Previous smoker  
Current smoker 
2338 (51) 
1235 (27) 
1056 (23) 
Education (19+ only) No Secondary qualification 
Secondary qualification 
1406 (36) 
2525 (64) 
BMI (kg/m2) - 27.4±5.9a 
Waist circumference (cm) - 90.6±17.6a 
aWeighted mean±SD 
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Table 3.  Factor loadings for dietary patterns 
Food grouping 
Dietary pattern 1 
‘Healthy’ 
Dietary pattern 2 
‘Traditional’ 
Rice 0.16 -0.14 
Pasta and grains 0.09 -0.16 
White bread and sandwiches -0.27 -0.05 
Wholegrain breads and sandwiches 0.04 0.18 
Breakfast cereals 0.37 0.01 
Porridge and cooked cereals 0.18 0.14 
Crackers 0.08 -0.02 
Regular milk (2.5-4.0% fat) -0.11 0.21 
Lower fat milks (≤2% fat) 0.42 0.05 
Yoghurt 0.30 -0.08 
Milkshakes and flavoured milks -0.02 -0.08 
Soy and rice milk 0.20 -0.09 
Cheese 0.01 0.06 
Butter and other saturated fats -0.07 0.11 
Cream 0.01 0.27 
Polyunsaturated margarine and oils 0.02 0.03 
Monounsaturated margarine and oils -0.05 0.15 
Beef, veal, hogget, lamb, mutton, pork, game meats, offal meats -0.06 0.29 
Poultry -0.06 -0.05 
Fish and shellfish  -0.06 0.01 
Legumes, pulses and meat substitutes 0.07 -0.02 
Nuts and seeds 0.13 -0.06 
Eggs and egg dishes -0.15 -0.01 
Sausage and processed meats -0.14 0.14 
Pies and pastries -0.21 0.01 
Tomatoes and tomato products 0.03 0.21 
Carrots 0.15 0.36 
Green vegetables and brassicas 0.14 0.49 
Starchy vegetables -0.09 0.63 
All other vegetables 0.09 -0.03 
Apples 0.24 -0.01 
Bananas 0.34 0.06 
Citrus fruit 0.15 0.07 
All other fruits 0.32 0.04 
Tea 0.36 0.21 
Coffee -0.18 0.36 
Hot drinks 0.06 -0.02 
Fruit and vegetable juices -0.00 -0.16 
Soft drinks and cordial -0.46 -0.17 
Beer, cider, bitters, wine -0.36 -0.03 
Spirits, liquers -0.18 -0.04 
Other alcohol -0.16 -0.07 
Biscuits 0.02 0.11 
Cakes, slices and sweet pastries -0.03 0.08 
Puddings and desserts 0.04 0.17 
Sugars and preserves -0.18 0.28 
Takeaway foods -0.22 -0.26 
Potato chips and crisps -0.35 -0.13 
Snack foods -0.04 -0.06 
Snack bars 0.10 -0.13 
Soup and stocks 0.20 -0.10 
Savoury sauces and condiments -0.15 0.42 
Meal replacement drinks, bars and powders -0.02 -0.04 
Miscellaneous 0.02 -0.02 
Factors loadings ≥0.2 are presented in bold 
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Table 4. Final demographic model for the ‘healthy’ dietary pattern  
Coefficient Estimate Std. Error Wald P value 
Intercepta -0.90 0.08 <0.001 
Age 19-30 -0.01 0.07 0.915 
Age 31-50 0.28 0.05 <0.001 
Age  51+ 0.59 0.04 <0.001 
Ethnicity Pacific 0.19 0.09 0.035 
Ethnicity NZ European 
and other 
0.50 0.08 <0.001 
Gender Female 0.54 0.08 <0.001 
Female: Pacific -0.15 0.11 0.191 
Female: NZ European/ 
Other 
-0.27 0.09 0.006 
aReference group (Intercept) is Māori males age 15-18 years 
 
Table 5. Final demographic model for the ‘traditional’ dietary pattern   
Coefficient Estimate Std. Error Wald P value 
Intercepta -0.33 0.04 <0.001 
Age 19-30 0.12 0.05 0.026 
Age 31-50 0.41 0.05 <0.001 
Age 51+ 0.67 0.04 <0.001 
Gender Female -0.18 0.04 <0.001 
aReference group (Intercept) is males age 15-18 
Table 6.  Associations between dietary patterns and socio-demographic factorsa 
 ‘Healthy’ dietary pattern ‘Traditional’ dietary pattern 
 Effect on pattern 
score 
Wald 
P value 
Effect on pattern 
score 
Wald 
P value  
Food security     
Not Insecure Reference Category 
Moderate insecurity -0.16 0.002 0.02 0.733 
Insecure -0.35 <0.001 0.21 0.006 
Area Deprivation -0.04 per decile 
increase in 
deprivation 
<0.001 0.01 per decile 
increase in 
deprivation  
0.037 
Educationb     
Secondary qualification Reference category 
No Secondary qualification -0.58 <0.001 0.13 0.007 
Smoking     
Non-smoker Reference category 
Former smoker -0.19 <0.001 0.10 0.041 
Current smoker -0.64 <0.001 0.32 <0.001 
aSocio-demographic factors each considered separately, after accounting for age, gender and ethnicity 
bEffect of education largest in 19-30 age group.  Effect is smaller for older groups. 
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Table 7.  Associations between the ‘healthy’ dietary pattern and BMI and waist circumferencea 
Response  P value Effect of 1sd 
increase in the 
‘healthy’ 
dietary pattern 
BMI (kg/m2) Men (test of association for men) 0.001  -0.54  
 Women (test that men and women 
differ) 
0.042  -1.05  
Waist Circumference (cm) Men (test of association for men)  0.012 -1.17  
 Women (test that men and women 
differ) 
0.029 -3.40  
aAdjusted for age, gender, ethnicity, energy intake and smoking 
 
 
